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Last year the COHERENT collaboration was able to measure for the
first time the Coherent Elastic Neutrino Nucleus Scattering (CEνNS).
Neutrinos within the right energy range can be produced in large quanti-
ties at accelerator facilities via pion Decay At Rest (piDAR) and used to
measure CEνNS. This new channel opens several, interesting possibilities:
studying the CEνNS spectrum it will be possible, for example, to search
for Physics Beyond the Standard Model, looking for deviations from the
predictions of the electroweak theory; it can also give important inputs for
the understanding of core collapse supernovas, where neutrino-nucleus in-
teractions and, more generally, collective neutrino behavior play a crucial
role. Using CEνNS it is also possible to measure precisely the electroweak
form factor for a large number of different nuclei, extracting information
on the neutron distribution inside the nucleus as well. In this presentation
I will focus on the last aspect: I will calculated the precision that can be
achieved in such kind of experiment, investigating in particular the effects
of the low-energy threshold and the systematic errors on the quenching
factor. The expected precision will be calculated using the Helm model
and also with a model-independent approach.
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1 Introduction
In 2017 the COHERENT collaboration announced the first measurement of Coherent
Elastic Neutrino-Nucleus Scattering (CEνNS) [1]. The main challenge in this kind of
experiment is that the recoil energy of the nucleus (the only observable in the process)
is very small, usually less than 100 keV; however thanks to recent developments in
the detector technology now it is possible to measure even such a small signal. This
new channel opens several interesting possibilities in the study of neutrino physics.
First of all, it offers new ways to test the Standard Model: any deviation from the
predictions could be a sign of new physics. Second, since neutrino interactions with
nuclei and, in general, collective neutrino behavior play a crucial role in core collapse
supernovas, data from CEνNS could be an input for a better understanding of this
kind of phenomena; moreover, the dark matter detectors are rapidly approaching to
the intrinsic neutrino floor background, and a detailed knowledge of the CEνNS cross
section will be required for the next generation of detectors. Finally, from CEνNS it
is possible to extract information on the electroweak form factor and on the neutron
distribution inside the nucleus; in this presentation (based on the results published
in [2]) we will focus on this last aspect. Neutrinos can be produced at spallation
facilities via Pion Decay At Rest (piDAR): the collisions produce pi± pairs; the pi− is
absorbed inside the nucleus, while the pi+ is stopped and decays at rest. At the end
of the chain decay three neutrinos will be produced:
pi+ → µ+ + νµ
µ+ → e+ + νe + νµ (1)
Since CEνNS is a neutral current interaction, all these neutrinos will contribute in
the same way to the signal and particle identification will not be possible. In Sec. 2
we will discuss the precision that can be achieved in the measurement of the neutron
distribution from CEνNS experiments, studying in particular the effect of systematic
errors, such as the uncertainty on the energy reconstruction, and the low-energy
threshold of the detector. The neutrino beam assumed in these calculations is the
one that is being produced at China Spallation Neutron Source (CSNS), where a 1.6
GeV proton beam hits a fixed target with an average current of 62.5 µA. Since the
beam is pulsed, the steady state background can be strongly suppressed by taking
into account the time structure of the beam. In order to calculate the precision on
the neutron radius, the Helm model is assumed; however a model-independent way
to obtain information on the neutron distribution is considered as well; these results
are discussed in Sec. 3.
1
2 Precision on Nucleus Distribution
From the study of CEνNS cross section it is possible to determine the electroweak form
factor. Neutrinos from piDAR have energies between 0 and 55 MeV: in this energy
range, the proton contribution to the form factor is strongly suppressed; for this
reason from the CEνNS data it is also possible to extract information on the neutron
distribution inside the nucleus (using the preliminary data from the COHERENT
collaboration Cadeddu et al. obtained a first estimation of the neutron distribution
radius for Cs and I [3]). Using the CSNS neutrino beam, we calculated the expected
sensitivity to the neutron radius as a function of the detector mass. In order to
summarize all the information on the neutron distribution in a single parameter a
theoretical model must be used: in the following calculations, we used the Helm
model; in principle this is a two-parameters model, since it depends on the skin
thickness s and the neutron bulk radius Rn, however, as was pointed out also in
[3], at these energies the dependence on s is negligible, hence it will be considered
fixed and equal to 1 fm. We considered a liquid Argon and a liquid Xenon detector,
placed at 10 m from the source and assumed 1 year lifetime. The most important
source of systematic error is the uncertainty on the quenching factor (QF); in order
to parametrize this effect we considered a simple linear model, where the relation
between the observed and real energy (Eobs and Ereal, respectively) is given by
Eobs = Ereal(1 + )
where  does not depend on the energy and, when considered, it is treated as a pull
parameter (see Ref. [2] for more details). In Fig. 1 it is reported the expected
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Figure 1: Expected sensitivity as a function of the detector mass
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Figure 2: Expected sensitivity as a function of the QF uncertainty
sensitivity on the neutron radius Rn as a function of the detector mass, taking into
account the uncertainty on the QF (assuming σ = 0.1, solid curves) and assuming
a perfect knowledge of the QF (dashed curves). In Fig. 2, instead, it is shown the
expected sensitivity for a fixed detector mass, as a function of the uncertainty on
the QF. While the low-energy threshold of the detector can significantly change the
total number of expected events, it does not affect so much the sensitivity to the
neutron radius. In Fig. 3 (left panel) it is shown the CEνNS expected spectrum for a
liquid Argon detector, using the Helm model to compute the form factor F (Q2) (solid
curve) and assuming F (Q2) = 1 (dashed curve): it is possible to see that most of
the information on the form factor comes from the high-energy part of the spectrum;
as a consequence, the low-energy threshold has little effect on the sensitivity to the
neutron radius. In Fig. 3 (right panel) it is shown the expected sensitivity for a liquid
Argon detector (1 ton) as a function of the low-energy threshold.
3 Model-Independent Approach
It is possible to obtain a model-independent estimation of the neutron distribution
by writing the form factor F (Q2) as a Taylor series of Q2 (see also [4]); each Q2n
term will be multiplied by a factor proportional to the 2n-th momenta of the neutron
distribution, 〈R2n〉.
F (Q2) = 1− 〈R2〉Q2/3! + 〈R4〉Q4/5! + . . .
In this way it is possible to determine directly the momenta of the neutron distribution
from the experimental data, without rely on any specific model. We calculated the
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Figure 3: Expected spectrum with and without the form factor (left panel), sensitivity
as a function of the low-energy threshold (right panel)
1-, 2- and 3-σ’s regions in the 〈R2〉−〈R4〉 plane, taking into account also the Q6 term
and treating 〈R6〉 as a pull parameter (the plots can be found in [2]). Also in this
case, the leading source of uncertainty is the systematic error on the QF.
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